The determination of pressure losses in the drill pipe and annulus with a very high degree of precision and accuracy is sacrosanct for proper pump operating conditions and correct bit nozzle sizes for maximum jet impact and forestalling of possible kicks and eventual blow outs during drilling operation. The two major uncertainties in pump pressure estimation that are being addressed in this research work are the flow behavior index (n) and the consistency index factor (k). It is in this light that the accuracy of various rheological models in predicting pump pressure losses as well as the uncertainties associated with each model was investigated. In order to come by with a decisive conclusion, two synthetic based drilling fluids were used to form synthetic muds known as sample A and B respectively. Inference from results shows that the Newtonian model underestimated the pump pressure by 78.27% for sample A and 82.961% by for sample B. While the Bingham plastic model overestimated the total pump pressure by 100.70% for sample A and 48.17% for sample B. Three different power law rheological model approaches were used to obtain the flow behavior index and consistency factor of the drilling fluids. For the power law rheological model approaches, an underestimation error of 23.5743% was encountered for the Formular method for sample A while the proposed consistency index averaging method reduces the error to 14.9306%. The Graphical method showed a reasonable degree of accuracy with underestimation error of 5.6435%. Sample B showed an underestimation error of 47.8234% by using the power law formula method while the Consistency averaging method reduced the error to 20.7508. The graphical method showed an underestimation error of 0.4318%.
Introduction
Extremely large fluid pressures are generated in the well bore and tubular pipe strings by the presence of drilling mud or cement as a result of the following three well conditions. These are static condition in which both the well fluid and the central pipe string are at rest, a circulating operation in which fluids are being pumped down the central pipe string and up the annulus and lastly a tripping operation in which a central pipe string is being moved up or down through the fluid. These pressure losses must be accurately measured and quantified because accurate estimation of the frictional pressure losses for non-Newtonian drilling fluids inside the annulus is quite important for determination of pump rates and selection of mud pump system during drilling operation [1] However, modelling pressure losses resulting from fluid circulation and tripping operation are complicated by the non-Newtonian behavior of drilling muds and cement [2] . This non-Newtonian fluid behavior arises when the fluid viscosity is not constant but varies with the shear stress and prevailing shear rate or history [3] . The vivid description of this behavior has been explained by different rheologists [4] [5] [6] [7] [8] [9] In order to establish the relationship between flow pressure and flow rate, two fundamental flow regimes namely laminar flow and turbulent flow must be understood. While the former prevails at low flow velocity with orderly flow, the latter is predominant at high velocity with a disordered flow. In a bid to address the complexity associated with pressure estimations during drilling operations, various researchers have developed empirical and theoretical models for predicting pressure losses [10] [11] .
Materials and method
Two synthetic based drilling fluids were used to prepare synthetic based mud samples known as A and B respectively with the same mud components and composition. Sample A consist of Poly-alpha olefins (PAO) synthetic oil which was synthesized by the polymerization of ethylene. While sample B consist of Trans esterified Palm Kernel Oil (PKO).
Drilling fluid rheological models
The two basic models for describing the rheology of fluids are
1) The Newtonian model 2) The non-Newtonian model 1) The Newtonian model The Newtonian model assumes that shear stress (τ) is directly proportional to the shear rate (γ) and the constant of proportionality is the fluid viscosity (µ). Pressure Estimation in Newtonian model a) For flow through the drill pipe
Where µ a = R 300 (3)
For laminal flow N Re < 2,100 (4)
For turbulent flow
b) For Annular flow 
The non-Newtonian model
a) Power Law model The power law model is expressed as:
Where n is the fluid flow behaviour index which indicates the tendency of a fluid to shear thin and it is dimensionless, and k is the consistency coefficient which serves as the viscosity index of the system and the unit is lb/100ft 2 .s n When n < 1, the fluid is shear thinning and when n > 1, the fluid is shear thickening [12] . The parameters k and n can be determined from a plot of log versus log γ and the resulting straight line's intercept is log k and the slope is n. It can also be determined from the following equations. 
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b) The Hershel-Buckley Model It is an extension of the Bingham Plastic model to include shear rate dependence. Mathematically, it is expressed as:
Where γ is the shear rate (s -1 ), τ is the shear stress (Pa), nH is the flow behaviour index (dimensionless), kH is the consistency index and τoH is the yield stress. A plot of log (τ -τoH) versus log (γ) will result in a straight line with intercept log kh and slope nH respectively. Pressure Estimation in HERSHEL-BUCKLEY MODEL (a) For flow through the drill pipe (41)
Pressure loss in the bit. 
Results and discussion

Sample A flow behaviour analysis
The result from direct viscometer readings for Mud Sample A is presented in table 1 below 3.1.1. Model parameters determination for sample A using the power law model a) Using power law rheology equation The flow behavior index is estimated by using equation 25 as 0.5572 and the consistency factor is obtained by using equation 27 as 1.64146 ( /100
2 ) or 0.837mpas n or 837 ( . / 2 ). b) Using Graphical Method. The power law rheological model parameters (n and k) were obtained by a plot of log τ versus log γ as shown in Figure. 1 below which gives a straight line with slope n and intercept log k. Table 2 below. 
Hershel-buckley model
The flow behaviour index ( ) and consistency index ( ) were obtained by a plot of log (τ -τoH) against log γ which gives a straight line as shown in Figure 2 . From Figure 2 , is 0.6564 and is 0.7320 ( /100 2 )
Sample B flow behaviour analysis
Similarly, the result from direct viscometer readings for Mud Sample B is presented in table 3 below The power law rheological model parameters (n and k) were obtained by a plot of log τ versus log γ as shown in Figure. 3 below which gives a straight line with slope n and intercept log k. Table 4 below. 
Hershel-buckley model
The flow behaviour index ( ) and consistency index ( ) were obtained by a plot of log (τ -τoH) against log γ which gives a straight line as shown in Figure 4 . log From Figure 4 , _ is 0.7294 and is 0.4937 ( /100 2 ) N/A: NOT APPLICABLE, AVG= AVERAGING From table 5, the Herschel Buckley rheological model has a flow behavior index of 0.6564 for SAMPLE A and 0.7294 for sample B which indicates that the fluid is shear thinning but with a higher degree of shear thinning ability in sample A because it has lesser value of flow behavior index. The same scenario is experienced in power law model with sample A being more shear thinning than sample B.
Flow behaviour characteristics analysis
From table 6, for Newtonian model, the flow in sample A is more laminar than flow in sample B. In addition, for Bingham plastic model, a more laminar flow is experienced in sample A than sample B. This is largely due to different base fluid properties of each sample most especially, the viscosity. From table 7, the power law model Reynolds number N_RE obtained by using the formula approach is more than the formula and consistency-averaging approaches for mud flow through the pipe for the two mud samples. This translates to the fact that the formula approach falsely represents a lesser laminar flow than the other two approaches (Graphical and Consistency index averaging). Table 8 From table 9 , it can be deduced that the power law rheological model through formular approach showed that the flow is less laminar inside the annulus than the graphical and consistency index averaging approach.
Pressure analyses
The data from [13] as shown in appendix A, were used to validate the pressure analysis. The pressure losses inside the pipe flow, bit and annulus for the mud samples A and B are shown in table 10. It can be inferred that more pressure is lost in the drill pipe than in the annulus. The lowest pressure loss was experienced in the bit for all the mud samples. Also, From Table 10 
Model pressure performance analysis
According to [14] [15] [16] , the Herschel Buckley is the most accurate in describing rheological behavior of drilling muds, Hence, the degree of deviation of pressure losses for each model was measured by comparing with pressure losses predicted by Herschel Buckley model for the mud samples. [17] where it was recorded that the model overestimates pressure losses. For the power law rheological model approaches for sample A, an underestimation error of 23.5743% was encountered for the Formular method while the proposed consistency index averaging method reduces the error to 14.9306%. The Graphical method showed a reasonable degree of accuracy with underestimation error of 5.6435%. Similarly, from Table 11 and Figure 5 , sample B showed an underestimation error of 47.8234% by using the power law formular method while the Consistency averaging method reduced the error to 20.7508%. The graphical method showed an underestimation error of 0.4318%. From figure 6 and 8, it can be deduced that larger error was contributed by drill pipe from Newtonian, Power law formula method and Graphical method while the annulus contributed a relatively larger error to total pump pressure error from Bingham plastic and consistency index averaging method. A reverse scenario was observed for sample B as shown in Figure7 and 9.
Conclusion
The following conclusions can be drawn from experimentation and model performance analysis.
• The Newtonian model underestimated the pump pressure by 78.27% for sample A and 82.961% for sample B.
• The Bingham plastic model overestimated the total pump pressure by 100.70% for sample A and 48.17% for sample B.
• The power law rheological model formular approach underestimated the pump pressure by 23.5743% for sample A and 47.8234% for sample B.
• The proposed consistency index averaging method of power law model reduces the formular method error to 14.9306% for sample A and 20.7508% for sample B.
• The Graphical method showed a reasonable degree of accuracy with underestimation error of 5.6435%. and 0.4318% for sample A and B respectively.
